We have isolated a Yj,-subunit cDNA clone from a GSH S-transferase (GST) cDNA library made from rat liver polysomal poly(A) RNAs. Sequence analysis of one of these cDNA, pGTR200, revealed an open reading frame of 218 amino acids of M r =25,915. The deduced sequence is in agreement with the 19 NH2-terminal residues for GST-A. The sequence of pGTR200 differs from another Yb cDNA, pGTA/C44 by four nucleotides and two amino acids in the coding region, thus revealing sequence microheterogeneity. The cDNA insert in pGTR200 also contains 36 nucleotides in the 5' noncoding region and a complete 3' noncoding region. The Y b subunit cDNA shares very limited homology with those of the Y a or Y c cDNAs, but has relatively higher sequence homology to the placental subunit Y p clone pGP5. The mRNA of pGTR200 is not expressed abundantly in rat hearts and seminal vesicles. Therefore, the GST subunit sequence of pGTR200 probably represents a basic Yj, subunit. Genomic DNA hybridization patterns showed a complexity consistent with having a multigene family for Yj, subunlts. Comparison of the amino acid sequences of the Y a , X\,, Y c , and Yp subunits revealed significant conservation of amino acids (~ 29%) throughout the coding sequences. These results indicate that the rat GSTs are products of at least four different genes that may constitute a supergene family.
INTRODUCTION
The glutathione S-transferases (GST, EC 2.5.1.18) are a family of multifunctional, dimeric proteins involved in drug biotransformation and xenobiotics metabolism (see Ref. 1 for a review). Several GST isozymes are induced to a higher level by many xenobiotics including phenobarbital, 3-methylcholanthrene, and trans-stilbene oxide (2) (3) (4) (5) . The expression of rat GSTs is tissue-specific (6) (7) (8) (9) (10) (11) 19) . Historically, rat hepatic GSTs, which are abundant cytosolic proteins, have been the most extensively studied. The rat liver GST subunits can be resolved into five major mobility groups by NaDodS04-polyacrylamide gel electrophoresis: Y c (M r =28,000), Y b (M r =27,OOO), Y n (M r =26,300), Y a (25, 600) , and Y,, (M r =24,400) (10) (11) (12) (13) (14) (15) . The Y a , Y b , and Y c groups consist of multiple species as determined by analysis of both the purified GST isozymes and GST cDNA sequences (10, 11, (15) (16) (17) , H.-C. J. Lai and C.-P. D. Tu, unpublished results). All of the cDNAs for the rat liver GST subunits have been isolated from phenobarbltal-treated rats (10, 11, 17, 18) . In this communication, we report the nucleotide sequence of a Y^ subunit cDNA synthesized from normal rat liver poly(A) RNAs. Comparison of the nucleotide and amino acid sequences among Y c , Yj,, Y a , and a placental GST cDNA pGP5 (19) revealed significant conservation of amino acid residues throughout the entire polypeptide chains despite very limited homology in the nucleotide sequences.
MATERIALS AND METHODS

Antibodies
Antisera against homogeneous rat hepatic GSTs (affinity chromatography fraction) were raised as previously described (20) . The IgG fraction was purified from a protein A-Sepharose (Pharmacia) column and concentrated by ultrafiltration (Minicon-B125 membrane, Amicon Corporation, Danvers, MA) as described by Kraus and Rosenberg (21) . Antisera were stored in 50% glycerol and 0.2 mg/ml heparin at -18"C.
Isolation of japlysomes
Livers (~ 26 g) from two male Sprague-Dawley rats (body weight ~ 300 g) were homogenized with a Potter-Elvehjem homogenizer in ~150 ml (final) of 50 mM Tris-HCl, pH 7.5/25 mM NaCl/5 mM MgCl2/0.25 M sucrose, containing bentonite (1 mg/ml), heparin (0.2 mg/ml), and cycloheximide (1 yg/ml) in several aliquots to give a 15% (wt/vol) homogenate. Polysomes were isolated exactly according to published procedures (21) . The yield was 1389 A260 units before dialysis, 1208 fybO units after dialysis.
Immobilization of polysome-antlbody complexes and elutlon of specific mRNA
We recovered 1130 A260 units of polysomes for immunoadsorption with anti-GST IgG (7.1 mg). Protein A-Sepharose affinity chromatography and elution of bound RNAs were carried out as described by Kraus and Rosenberg (21) . The eluted RNAs were immediately adjusted to 0.5 M NaCl and 0.5% NaDodS04 and purified further by oligo(dT)-cellulose column (22, 23) . The purified poly(A) RNAs were assayed by tn^ vitro translation and immunoprecipitation (20, 24) before cDNA synthesis. The immunoprecipitated materials were separated on NaDodSO^polyacrylamide gel and visualized after fluorography (25, 26) .
Isolation of GST cDNA clones cDNA synthesis was performed according to the method of Okayama and Berg (27) as modified by Gubler and Hoffman (28) with some further modifications.
Approximately 100-500 ng of poly(A) + RNA from immunoprecipitated polysomes were used for cDNA synthesis. Reverse transcription of the mRNA into cDNA was carried out in 40 ul containing 50 mM Tris-HCl (pH 8.3), 100 mM NaCl, 10 mM MgCl2, 10 mM DTT, 4 mM sodium pyrophosphate, 1.25 mM of the four dNTPs, 1800 U/ml RNAsin (Promega Biotec), 100 yg/ml oligo(dT) 12 _i8 (Pharmacia/PL), and 3000 U/ml AMV Reverse Transcriptase (Molecular Genetic Resources). The reaction was incubated 25 min at 43°C, then terminated by adding 2 yl of 0. tetracycline (29) . The resulting colonies were tested for ampicillin sensitivity. Those tetracycline-resistant colonies that were sensitive to ampicillin (~ 50%) were picked for further analysis.
RESULTS AND DISCUSSION
Identification of a Y h GST cDNA clone, pGTR200
Plasmid DNAs were purified from 354 ampicillin-sensitive transformants Figure 1 indicates that the immunoprecipitated product(s) was indeed of Y b mobility (M r =27,000) (10, 12, 15) and that no mRNA of other classes of subunits was selected by pGTR200. This result is consistent with the selection scheme described above, since earlier purification results (16) , it is likely that pGTR200 may correspond to the Yj, subunit of peak VIII isozyme, which may be the GST-A of Jakoby et^ al. (2) .
Nucleotide sequence of the pGTR200 cDNA insert
The DNA sequence of pGTR200 was determined according to the strategy in 
Expression of pGTR200 sequences in various rat tissues
Rat GST expression has been shown to be tissue-specific (6) . Among the rat tissues examined ( Figure 5 ) , only the kidney lacks Yj, subunit expression as determined by protein purification and in vitro translation (6, 9) . Using 730  740  750  760  770  780  AGGACCTGTCCACATTGGATCCTGCAGGCACCCTGGCCTTCTGCACTGTGGTTCTCTCTC  790  800  810  820  830  840  CTTCCTGCTCCCTTCTCCAGCTTTGTCAGCCCCATCTCCTCAACCTCACCCCAGTCATGC  850  860  870  880  890  900  CCACATACTCTTCATTCTCCCCACTTTCTTTCATAGTGGTCCCCTTCTTTATTGACACCT  910  920  930  940  950  960  TAACACAACCTCACAGTCCTTTTCTGTGATTTGAGGTCTGCCCTGAACTCAGTCTCCCTA   970  980  990  1000  1010  1020   GACTTACCCCAAATGTAACACTGTCTCAGTGCCAGCCTGTTCCTGGTGGGGGAGCTGCCC  1030  1040  1050  1060 
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-COOH sequence have different catalytic specificity or efficiency. We are currently pursuing purification of Yj, subunits expressed from cDNA sequences in 15.
coll.
Published results from our laboratory and others (10, 11, 15, (17) (18) (19) clearly indicate that rat GSTs are products of at least four different genes that may constitute a supergene family (40) .
